Factor analysis using the correlations between indexes was applied. The correlation with factors and the reliability coefficient were calculated. Setting: A total of 324 healthy undergraduates at the University of Barcelona, Spain, were surveyed. Results: The highest correlations were observed between MDP adherence index and MAI (0?82); MAI and MSDPS (0?80); and MDS and rMED (0?77). Factor analysis showed a hidden common factor that explained over 70 % of the variability (71?03 %). This factor is understood as 'adherence to the Mediterranean diet'. The indexes that showed the highest correlation with this factor were Med-DQI (0?85), MDS (0?84), rMED (0?80) and MAI (0?80). These indexes showed acceptable performance in measuring the adherence to the Mediterranean diet. The components that correlated strongly with this factor were monounsaturated-to-saturated fatty acid ratio (MS ratio), fruit and vegetables. Furthermore, a second common factor was found explaining 18 % of the variability. This second factor is highly positive related to dairy products and lean meat, and negative related to MS ratio. Conclusions: The indexes showed satisfactory performance in assessing adherence to the Mediterranean diet. However, in order to improve the reliability and concordance between the indexes, further studies are required to select the components, the number of components, and the scoring criteria of the indexes to improve their internal consistency.
Keys and Grande Covian (1) introduced the concept of the Mediterranean diet in the 1950s. Initially describing eating habits in the Mediterranean area, this concept has further been referred to as the traditional dietary pattern found in the olive-growing regions along the Mediterranean coastline in the late 1950s and early 1960s (1) . The traditional Mediterranean diet is characterised by a high intake of vegetables, legumes, fruits and nuts, unrefined cereals and olive oil (but a low intake of saturated lipids); a moderate intake of fish; a low-to-moderate intake of dairy products; a low intake of meat and poultry and a regular but moderate intake of ethanol, mainly in the form of wine and generally during meals (2) . However, this diet is not homogeneous as there are regional variations, influenced by various factors, such as sociocultural, religious and economic determinants (3, 4) . The Mediterranean dietary pattern has consistently been shown to provide a degree of protection against CVD and major chronic degenerative diseases (5, 6) . Research in this field over recent years has focused on estimating adherence to the Mediterranean diet rather than analysing the individual components of the diet in relation to the health of the population (7) (8) (9) (10) . However, no single direct method to quantify and assess adherence is available. Consequently, a large number of indirect indexes have been proposed (10) . Most Mediterranean diet scores have been developed using dietary patterns defined a priori. These indexes summarise the diet by means of a single score that results from a function of numerous components (previously selected on the basis of prior knowledge or scientific evidence), such as food, food groups or a combination of foods and nutrients (10) . The validity of these indexes has been evaluated by examining their relationship with nutrient adequacy and several health outcomes (i.e. nutrient-related diseases). For instance, indexes evaluating adherence to the Mediterranean diet have been successfully applied to studies on life expectancy (7, 8, 11) , cardiovascular risk (12) (13) (14) , cancer (15, 16) , hypertension (17) , obesity (18, 19) and diabetes (20) . Nevertheless, recent publications have concluded that some indexes do not provide a significantly more reliable predictive capacity for disease or mortality than individual dietary factors (21) . This observation could be attributed to the distinct ways in which each index has been developed. In this regard, indexes show great variation in the following: the number of components (nutrients, foods or food groups intake); classification categories for each subject; measurement scales; statistical parameters (mean, median or tertiles of daily intake); and the contribution of each component (positive or negative) to the total score (9, 22) . Thus, here we compared and evaluated in the same sample the reliability of several indexes used to measure adherence to the Mediterranean diet.
Material and methods

Subjects
The survey was carried out on 336 healthy undergraduates. Students were invited to participate in the study during their degree course. Data were collected over four consecutive academic years (2003) (2004) (2005) (2006) (2007) from students registered in the third year of Human and Dietetics Studies at the University of Barcelona, Spain. After exclusion of errors or inconsistencies in data and incomplete questionnaires, the final sample included 324 subjects. Information on food consumption was collected through a quantitative FFQ.
FFQ
Nutrient and food intake was estimated using an adaptation of the quantitative FFQ used in the Catalonian nutritional survey (23) . This form includes approximately fifty-one commonly consumed food and beverage items. The questionnaire was administered in person by trained interviewers. Standard portion sizes were used to estimate the amounts consumed, and nutrient and ethanol intakes were calculated using the food composition database of the Centre for Superior Studies on Nutrition and Dietetics (CESNID; University of Barcelona) (24) . For each participant, we calculated intake in g/d of various food groups and nutrients, as well as total energy intake.
We focused on each food and nutrient variable included in general indexes used to assess observance of the Mediterranean diet. The most common food groups used were as follows: pulses; cereals; potatoes; fruit; vegetables; fish and seafood; olive oil; alcohol; red meat; dairy products; cereals; monounsaturated-to-saturated fatty acid ratio (MS ratio); and lean meat (poultry and rabbit).
Indexes of adherence to the Mediterranean diet
For the purpose of the present study, ten indexes were included in the analysis: Mediterranean Diet Score (MDS) (25) , Mediterranean Score (MS) (26) , Dietary Score (DS) (27) , Mediterranean-Dietary Quality Index (Med-DQI) (28) , Mediterranean Dietary Pattern adherence index (MDP) (29) , Mediterranean Adequacy Index (MAI) (30) , Mediterranean Style Dietary Pattern Score (MSDPS) (31) , Mediterranean food pattern PREDIMED Study (MeDiet-PREDIMED) (32) , relative Mediterranean diet (rMED) (33) and Cardioprotective Mediterranean diet index (Cardio) (34) .
Statistical analyses
To describe the data, mean values and standard deviation were calculated and, on the basis of their quartile values, indexes were classified into four groups. As the indexes differ in the scales used to assess adherence, the association between them was evaluated by means of Spearman's coefficient of correlation.
Given that the attribute 'adherence to the Mediterranean diet' cannot be measured directly (latent attribute), it is necessary to use indirect measures obtained from the indexes. It was therefore assumed that all the indexes were designed to measure this attribute, although they may differ in the definition of the Mediterranean dietary pattern. Thus, we performed a factor analysis (35) using the correlations between indexes as data. We used the goodness-of-fit index (GIF) (35) to assess the degree of relationship between factors and indexes. The GIF can be interpreted as the percentage of variability of indexes explained by the model. The factor model that better fit the data was selected using the Akaike Information Criterion (AIC). The correlation with factors and the reliability coefficient are provided for each index. All analyses were performed using the SAS statistical software package version 9?1 (SAS Institute, Cary, NC, USA).
Results
A total of 324 FFQ were used to calculate the ten adherence indexes. The mean, minimum, maximum and percentile (25th, 50th and 75th) values of each index are shown in Table 1 . The DS index showed the highest value of adherence to the Mediterranean diet, whereas the other indexes centred on the average value.
A first comparison of indexes was made by grouping them into four categories on the basis of their theoretical range of scores and comparing the frequencies of each category. Most indexes accumulated the highest scores in central values, and the second and third categories (54 % and 25 %, respectively), except DS and MSDPS, which resulted in more extreme values (Fig. 1) . Most of the values from the MSDPS index fell in the first two ranges, with 159 (49?1 %) and 165 (50?9 %) subjects in ranges 1 and 2, respectively. In contrast, the values from the DS index concentrated in the ranges 3 and 4, but especially in the latter (78 %; 253 subjects). Table 2 shows the correlations among indexes. Only three correlations were high. The highest correlations (dark grey) were observed between MDP adherence index and MAI (0?82); MAI and MSDPS (0?80); and MDS and rMED (0?77). The remaining correlations were fair (0?5-0?7; light grey) or poor (,0?5; white). More than half of the indexes show poor correlation.
Factor analysis showed a common factor 1, which explained more than 70 % of the variability (GIF: 71?03 %; AIC: 512?43; Table 3 ). Thus, this would be the main common factor between indexes and can be understood as 'adherence to the Mediterranean diet'. The indexes that most correlated with this factor were Med-DQI (0?85), MDS (0?83), rMED (0?80) and MAI (0?83), all of which showed satisfactory performance in measuring adherence to the Mediterranean diet. However, 30 % of the variability was attributed to measurement error, that is, variability between indexes that is not caused by the 'adherence to the Mediterranean diet' factor. The MS, DS and Cardio indexes showed less accuracy in measuring this factor, with correlations of 0?67, 0?64 and 0?67, respectively.
We next fitted a model with two factors. This model showed an increase in explained variance and a better fit of data (GIF: 88?97 %; AIC: 160?08). Thus, a second common factor was observed to explain 18 % of the variability (Table 3 ). This factor allowed us to identify three groups of indexes: group 1 (MAI, MDP-AI and MSDPS), group 2 (MDS, PREDIMED, rMED and Med-DQI) and group 3 (DS, Cardio and MS) (Fig. 2) . Correlations between indexes and the second factor ranged from 20?52 (MAI), 20?37 (MSDPS) and 20?35 (MDP) to 0?45 (DS). The remaining indexes showed correlations from 0?02 to 0?28, except for MED-DQI and rMED, which were independent for this second factor (correlation close to 0). In order to interpret the meaning of this second factor, we used the main components of the food indexes (pulses, cereals and potatoes, fruit, vegetables, fish, alcohol, red meat, dairy products, MS ratio, olive oil and lean meat (poultry and rabbit meat) to compute correlations with the factor scores. The components that highly correlated with the first factor (i.e. 'adherence to the Mediterranean diet') were MS ratio, vegetables and fruits. This observation confirms the hypothesis that the first factor is the 'adherence to the Mediterranean diet' attribute. In contrast, the second factor was positively correlated to dairy products and lean meat, and negatively correlated to MS ratio (Table 4) .
Discussion
The study of dietary patterns using diet quality indexes to examine interactions between dietary components and their effect on several health parameters is recommended over the study of single dietary components (36, 37) . Given the documented protective effects of the Mediterranean diet against several diseases (6) (7) (8) , recent years have witnessed greater attention on indexes that assess adherence to this diet. The usefulness of Mediterranean diet adherence indexes has been widely demonstrated (10) . Furthermore, they have also been reviewed and validated in relation to a number of health parameters (cancer, obesity, mortality, etc.) (15, 16, 18, 20) . However, little attention has been given to the way in which these indexes are developed (cut-off points, adjustments for energy and nutrients, reference populations, adjustment for confusion variables). Moreover, the absence of common criteria to identify the components that constitute the Mediterranean dietary pattern hinders the development of these indexes (each index includes the components considered most suitable depending on the study objectives and data available) and comparisons.
Here we compared ten indexes of adherence to the Mediterranean dietary pattern in order to assess their reliability. Although these indexes could have been validated in other independent studies, we are testing them all in one sample. Most of the indexes (except DS and MSDPS) did not use their whole range of measurement, and hence this implies greater difficulty in discriminating individuals on the basis of their compliance with the Mediterranean diet (Table 1) . Thus, depending on the index used, the study population presents an extremely variable degree of adherence. For example, when the DS Table 2 Correlation among indexes of adherence to the Mediterranean diet index is applied, high scores for adherence are frequent. Conversely, the MSDPS index generates lower values for compliance (Fig. 1) . Therefore, possible associations that can be assessed between the degree of adherence to Mediterranean dietary pattern and diseases may be biased, in spite of numerous references indicating an inverse relationship (6, (11) (12) (13) 16, 20) . All the indexes included in the present study measure the same concept: the degree of adherence to a dietary pattern based on consumption of certain foods that are characteristic of the Mediterranean area. Hence, in theory, the correlations between these indexes should be strong; however, we found that they were weak. This weakness is probably explained by how these indexes have been developed.
For example, the indexes vary in the components included, the weight given to each and the score used.
To identify the main factors explaining this variability, we carried out an exploratory factor analysis. Much of the variability shown by the indexes was explained by two factors. The first factor explained approximately 71 % of the variability, so that there was a main common factor to all indexes. Because the indexes were designed to assess the degree of adherence to the Mediterranean diet, the main factor was understood as the Mediterranean dietary pattern.
Most indexes showed correlations above 0?75 with this latent attribute (Mediterranean diet; Table 3 ), although it should be noted that the measurement error ranged from 28 % to 59 % (12R 2 ; Table 3 ) of the variability of the measurements, thus indicating weak to fair reliability.
The second factor explained almost 18 % of the variability. Thus, reducing the dimensionality of the indexes to these two factors explained 89 % of the variability, so that the model fits the data excellently.
However, the correlation between the indexes and the second factor was uneven: indexes such as MAI, MSDPS or MDP had a strong negative correlation, whereas others had a low or null correlation (rMED, MedDQI) and DS had a high positive correlation. As the first factor grouped most of the indexes into a single group because they all shared a common factor, this second factor is a divergence element between indexes because it separates indexes into three differentiated groups: negative correlation (MAI, MSDPS and MDP), low or null correlation (rMED, MedDQI, MDS, PrediMED) and high positive correlation (DS, Cardio and MS; Table 3 ). The most plausible hypothesis is that this second factor is related to the way in which components are treated in the index: weight or plus/minus sign of the effect of components in the score, for example.
To identify the components that are related to the second factor, we extracted factor scores for each subject and analysed the correlation between Mediterranean and non-Mediterranean components of the MAI index with these factor scores. A strong positive correlation was detected between factor 1 and Mediterranean food and a strong negative correlation between factor 1 and no Mediterranean food. These results reaffirm the hypothesis that this factor corresponds to the latent attribute 'Mediterranean dietary pattern'. In contrast, only the second factor showed correlation with non-Mediterranean food, mainly foodstuff of animal origin such as meat and dairy products. We also evaluated the correlation of the food groups most commonly used in indexes (and typically Mediterranean) and the two factors to observe in more detail the associations between factors and food groups. A strong positive correlation between the second factor and dairy products and lean meat (poultry and game meat) was observed, whereas a strong negative correlation was found with ratio of fatty acids (MS). Therefore, these food groups were identified as related to the second factor and thus a source of divergence between the indexes. A reason for this could be that these components are involved in different ways in each index. To corroborate our hypothesis, the factor analysis was repeated excluding dairy and lean meat (MS ratio was maintained because it also had a strong correlation with factor 1) and the variability explained by one factor increased from 71 % to almost 82 % (data not shown). These observations imply that these indexes are more similar when these components are excluded. This finding confirms the presence of this second factor as a source of disagreement among the indexes. Although the Mediterranean dietary pattern has been defined, ambiguities remain to be solved (20, 38) . On the other hand, there are few studies assessing the external validity and reliability of the Mediterranean diet indexes. Perhaps, this is due to the fact that research about validity and reliability has mainly been focused on the FFQ validity (39) . However, the findings of some recent works are along the same lines as those shown here (40, 41) . One of the main concerns is the lack of agreement on the definition of the Mediterranean diet. Thus, the components included in a Mediterranean pattern adherence index can vary depending on the criteria applied; consequently, the reliability of the indexes can be dramatically lowered. Therefore, the contribution of each component in the indexes, the number of components and the scoring criteria should be established in order to improve the reliability and concordance between the indexes. Thus, by improving these indexes the higher correlations will lead to stronger evidence of the inverse relation between the Mediterranean dietary pattern and the prevalence of several diseases, such as cancer, CVD or obesity.
Given the heterogeneity of the Mediterranean diet across several countries, we recommend further confirmatory factor analysis on these populations in order to test the validity of the results reported here.
In general, the indexes performed satisfactorily in measuring adherence to the Mediterranean diet. However, the lack of high correlation between them indicates Table 4 Correlations among factors and common food components in Mediterranean adherence indexes the need to reach a consensus on the components included in the Mediterranean diet indexes, specifically the dairy products, MS ratio and lean meat. On the basis of the correlations observed between the main factor and the components, we conclude that, in addition to the MS ratio, fruit and vegetables are the most correlated components of indexes designed to assess adherence to the Mediterranean diet. In addition, as expected, we also found strong positive correlations between adherence to the Mediterranean diet and olive oil, pulses, cereals and fish components; on the other hand, a strong negative correlation was found with red meat. Thus, these components should be included in a reliable index to assess adherence to the Mediterranean diet, so that the index would make easy the discrimination of the consumption among subjects increasing the internal consistency. Conversely, weak correlations were found between the adherence to the Mediterranean diet and potatoes, alcohol, dairy products and lean meat.
However, given that different correlations between components and the adherence to the Mediterranean diet have been found, the weights of the components in such indexes should be adjusted accordingly.
